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Description 



[0001] THIS INVENTION relates to the production of lubricant base oils. It relates in particular to a process for pro- 
ducing a waxy product suitable for the production of lubricant base oils, and to a process for treating a waxy product to 

5 produce a dewaxed product suitable for use as a lubricant base oil. 

[0002] According to a first aspect of the invention, there is provided a process for producing a waxy product, which 
process comprises hydrotreating a feedstock comprising a Fischer-Tropsch wax and a petroleum-based waxy distillate, 
to produce a range of hydrogenated products; and recovering a waxy product from the range of hydrogenated products. 
[0003] By 'Fischer-Tropsch wax* is meant a wax obtained by the so-called Fischer-Tropsch process. The Fischer-Trop- 

10 sch process includes converting a synthesis gas comprising mainly hydrogen and carbon monoxide, to hydrocarbons. 
The conversion is effected by contacting the synthesis gas with a Fischer-Tropsch catalyst, normally an iron or cobalt 
based catalyst, in a fixed bed or a slurry bed reactor under either low or high temperature Fischer-Tropsch operating 
conditions. In this manner, a mixture of hydrocarbons having different boiling ranges, is obtained. The Fischer-Tropsch 
wax is then recovered, eg by means of distillation, from this hydrocarbon mixture. The Fischer-Tropsch wax typically has 

75 a composition wherein about 80% by volume thereof has a boiling point higher than 550°C atmospheric equivalent tem- 
perature ('AET). Thus, for example, the Fischer-Tropsch wax may have an ASTM D2887 gas chromatography simu- 
lated distillation range in accordance with Table 1 . 



TABLE 1 



Fischer-Tropsch wax (simulated 
distillation according to ASTM 
D2887) 


% off (by volume) 


°C 


Initial boiling point 


430 


10 


510 


30 


570 


50 


610 



[0004] The term 'petroleum-based waxy distillate' is known in the art. It thus means a waxy distillate obtained by phys- 
ically separating a suitable crude oil using atmospheric and vacuum distillation. Suitable crude oils are so-called 'lube 
35 crudes'. Typically, the crude oil can be a Middle East crude oil, a North Sea crude oil, or an African crude oil. Thus, for 
example, the petroleum-based wary distillate may have an ASTM D2887 gas chromatography simulated distillation 
range in accordance with Table 2. 



Petroleum-based waxy distillate 
(simulated distillation according to 
ASTM D2887) 


%off (by volume) 


°C 


Initial boiling point 


255 


10 


344 


30 


397 


50 


432 


70 


463 


90 


511 


Final boiling point 


579 



[0005] The volumetric proportion of Fischer-Tropsch wax to petroleum-based waxy distillate in the feedstock may be 
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between 5:95 and 50:50, preferably between 5:95 and 20:80. 

[0006] The hydrotreatment may include hydrocracking the feedstock in a hydrocracking stage. The hydrocracking may 
be effected at a temperature of 300°C to 410°C, preferably 350°C to 400°C; a pressure of 120-160 bar(g); a hydrogen 
partial pressure of 20-200 bar(g), preferably 100-175 bar(g); a hydrogen to liquid ratio of 200-2000:1 m n 3 , and a liquid 
hourly space velocity ('LHSV) of 0,2-2 h" 1 . 

[0007] The recovery of the waxy product from the range of hydrogenated products produced may include distilling, in 
a distillation stage, the range of hydrogenated products to obtain, as a bottoms fraction, the waxy product. Thus, typi- 
cally, the products obtained from the distillation stage may be in accordance with Table 3. 



TABLE 3 



[ Distillation Stage 


Carbon range 


Mass % 


C r C 4 


1-3 


c 5 -c 6 


4-6 




20-30 


C15-C28 


35-40 


C28-C40 


15-25 


C>40 


5-15 



[0008] The bottoms fraction, ie the C >40 fraction, is thus the waxy product. 

[0009] The bottoms fraction or waxy product from the distillation stage may then be subjected to dewaxing, eg solvent 
dewaxing, in a dewaxing stage, to recover a dewaxed product. 

[0010] Thus, according to a second aspect of the invention, there is provided a process for treating a waxy product, 
which process comprises dewaxing, in a dewaxing stage, the waxy product obtained from the process according to the 
first aspect of the invention, to obtain a dewaxed product suitable for use as a lubricant base oil. 
[001 1 ] The dewaxing may comprise solvent dewaxing of the waxy product. 

[0012] Preferred solvent combinations for dewaxing lube feedstocks such as waxy distillates, waxy raffinates, waxy 
hydrocracker residues and the corresponding distillate fractions are a methyl ethyl ketone/toluene ('MEK/T) and a 
dichloro-ethene/methylene chloride ('Di/Me 1 ). This MEKfT or Di/Me can be used for dewaxing the waxy product; how- 
ever, MEK/T is preferred. 

[0013] The mass proportion of dichloroethene to methylenechloride in the MEK/T solvent is between 40:60 and 60:40, 
and may, for example, be about 50:50. The mass proportion of waxy product to solvent may be between 1 :2 and 1:12, 
preferably between 1 :3 and 1:10. 

[0014] The dewaxing may comprise mixing the waxy product in liquid form with the MEK/T solvent; cooling the mixture 
to a sub-ambient dewaxing temperature, with solid wax crystals forming, and with the dewaxing temperature depending 
on the pour point which is required for the dewaxed product or the lubricant base oil; and separating, in a separation 
stage, the wax crystals from a mother liquor comprising dewaxed oil as the dewaxed product and spent solvent. The 
separation stage may, in particular, comprise a filter stage having at least one filter, eg a rotary filter, with the mother 
liquor or main filtrate thus passing through the filter and the solid wax crystals remaining as a wax cake on the filter. The 
process may include washing, in a washing step, the wax cake with fresh MEK/T mixture as a wash solvent, to obtain 
solvent free slack wax and spent solvent. The process may include recovering the spent solvent from the washing step 
and from the main filtrate, and recirculating or re-using the recovered solvent within the dewaxing stage. The recovery 
of the spent solvent may be effected by means of multistage distillation and stripping. 

[001 5] In the washing step, sufficient wash solvent may be used so that the mass proportion of waxy product initially 
used to wash solvent is between 1 :1 and 1 :2. 

[0016] The dewaxing temperature may be between -5°C and -32°C, for example between -12°C and -27°C. The 
dewaxing temperature as set out hereinbefore, dependent on the pour point which is required for the resultant or corre- 
sponding lubricant base oil. For example, to produce a base oil with a pour point of -9°C, the corresponding dewaxing 
temperature is higher than the dewaxing temperature required to achieve a pour point of -18°C. 
[0017] The dewaxed product thus obtained is suitable for use as a lubricant base oil, and the Applicant has surpris- 
ingly found that the lubricant base oil has a viscosity index ('VI') of 145 or higher, so that it is suitable for use as a super 
high viscosity index ('SHVI') lubricant base oil. 

[001 8] The invention naturally extends to a waxy product when produced by the process according to the first aspect 
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of the invention, and to a dewaxed product, when produced by the process according to the second aspect of the inven- 
tion. 

[001 9] According to a third aspect of the invention, there is provided a lubricant base oil which comprises a dewaxed 
product, as hereinbefore described. 
5 [0020] According to a fourth aspect of the invention, there is provided a lubricant base oil which comprises a dewaxed 
waxy product obtained from the hydrotreatment of a feedstock comprising a Fischer-Tropsch wax and a petroleum 
based waxy distillate. 

[0021 ] The lubricant base oil may thus have a VI of 1 45 or higher. 

[0022] The invention will now be described by way of example with reference to the accompanying flow diagram of a 
10 process according to the invention for producing a dewaxed product, and with reference to the subsequent non-limiting 
example. 

[0023] In the drawing, reference numeral 10 generally indicates a process according to the invention for producing a 
dewaxed product. 

[0024] The process 10 includes a crude oil flow line 12 leading into an atmospheric distillation stage 14 comprising 
15 an atmospheric crude distillation tower. An atmospheric residue flow line 1 6 leads from the stage 1 4 to a vacuum dis- 
tillation stage 18 comprising a vacuum distillation tower. A vacuum gas oil or waxy distillate flow line 20 leads from the 
vacuum distillation stage 1 8. 

[0025] A synthesis gas flow line 22 leads into a Fischer-Tropsch reaction stage 24. The stage 24 comprises a fixed 
or slurry bed Fischer-Tropsch reactor operating under high or low temperature and using an iron-based or cobalt-based 
20 Fischer-Tropsch catalyst. A hydrocarbon flow line 26 leads from the stage 24 to a distillation stage 28 comprising at 
least one distillation tower. A Fischer-Tropsch wax flow line 30 leads from the distillation stage 28 to a hydrocracking 
stage 32 comprising a hydrocracker. The flow line 20 leads into the flow line 30. 

[0026] A hydrocarbon product line 34 leads from the hydrocracking stage 32 to a distillation stage 36 comprising at 
least one distillation tower. A hydrocracker residue flow line 38 leads from the distillation stage 36 to a dewaxing stage 

25 40. A dewaxed product withdrawal line 42 leads from the stage 40. 

[0027] It will be appreciated that, in the process 10, only the most important, as regards the present invention, flow 
lines and processing stages are shown. In practice, ancillary reaction stages and additional flow lines will naturally be 
present. Thus, for example, prior to the crude oil line 12 entering the atmospheric distillation stage 14, it will typically 
pass through at least one heat exchanger stage, a desalting stage and a furnace. Additional flow lines which can be 

30 present are flow lines such as kerosine, diesel and atmospheric gas oil withdraw lines from the atmospheric distillation 
stage 14. 

[0028] In use, the atmospheric distillation stage 14 and the vacuum distillation stage 18 are operated in conventional 
fashion to obtain a petroleum based waxy distillate which is withdrawn along the flow line 20. Similarly, the Fischer-Trop- 
sch reaction stage 24 and the distillation stage 28 are operated in known fashion, to obtain a Fischer-Tropsch wax which 

35 is withdrawn along the flow line 30. The Fischer-Tropsch wax and the petroleum based waxy distillate are blended in a 
volumetric ratio between 5:95 and 20:80 to produce a feedstock which is fed into the hydrocracking stage 32. The 
hydrocracking stage 32 is typically operated at a temperature in the range 380°C to 400°C; a hydrogen partial pressure 
of 1 00-1 50 bar(g): a hydrogen liquid ratio of 750:1 to 1 500:1 m n 3 ; and a LHSV of 0,5-1 h' 1 ; to produce a range of hydro- 
genated products, which are withdrawn along the flow line 34 to the distillation stage 36. 

40 [0029] In the distillation stage 36 the range of hydrogenated products are subject to distillation, to obtain, amongst 
others, a hydrocracker residue or bottoms fraction, ie a waxy product, which is withdrawn along the flow line 38. Typi- 
cally, the distillation stage 36 comprises a 40mm ID column with Sulzer (trademark) packing (about 650mm high), oper- 
ating under a vacuum of 5-10 mbar(a). 

[0030] The hydrocracker residue or waxy product passes to the dewaxing stage or unit 40. In the dewaxing stage 40, 
45 the residue is mixed with a solvent comprising methyl ethyl ketone and toluene in a mass ratio of 50:50. with the mass 
ratio of residue to solvent being between 1 :3 and 1 :10. The resultant mixture is cooled to a sub-ambient dewaxing tem- 
perature which depends on the pour point which is required for the resultant dewaxed product or lubricant base oil. The 
solid wax crystals formed during cooling are separated, eg in rotary fitters, from the main filtrate which comprises 
dewaxed oil, ie a dewaxed product, and spent solvent. The wax cake on the filter washed with a wash solvent compris- 
so ing MEK/T in a 50:50 mass ratio. Spent solvent is separated from both the washed solid wax cake and the dewaxed 
residue, eg by means of multistage distillation and stripping. Sufficient wash solvent is used such that the mass ratio or 
proportion of waxy product or fresh feed to wash solvent is between 1 :1 and 1 :2. The dewaxing temperature is from - 
12°C to -27°C. The dewaxed product is withdrawn along the flow line 42. 

[0031 ] The Applicant has surprisingly found that the dewaxed product obtained from the process 1 0 can be used as 
55 a super high viscosity index ('SHVI') lubricant base oil having a viscosity index (VI 1 ) of 145 and higher. Lubricant base 
oils are generally produced by physically separating crude oils (lube crudes') using techniques such as distillation, sol- 
vent extraction and dewaxing processes. The products obtained are normally high viscosity index ('H VT) base oils hav- 
ing a VI in the range of about 95-105. The development of multigrade oils for the car industry necessitated the 
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production of lubricant base oils with a significantly higher VI. Hydrocracking crude oil based waxy distillates resulted 
in significantly higher VI lubricant base oils. Since the early 1970's the lubricant industry has been using SHVI base oils, 
produced from hydrocracker residues. Hydrocracking, hydrogenation and hydro-isomerisation have been used to 
hydrotreat waxy distillates to produce base oils with a VI in the range of 120-135. 
5 [0032] The dewaxed product obtained from the process 1 0 can thus be used as an SHVI lubricant base oil. it is well 
known that the VI of any lubricating oil is a function of its kinematic viscosity at 40°C and its kinematic viscosity at 
100°C. Therefore an increase in the VI of any lubricating oil is highly desired since it has the advantage of enabling the 
lubricating oil to be used over a wider temperature range. 

[0033] It would have been expected to those skilled in the art that the highly paraff inic Fischer-Tropsch wax would 
10 easily crack to gasoline under conventional hydrocracking conditions. However, the Applicant has surprisingly found 
that the presence of aromatics in the petroleum based waxy distillate shields or protects the paraffin components in the 
Fischer-Tropsch wax from interacting with the hydrocracking catalyst. 

[0034] The invention was illustrated by using analytical data of dewaxed hydrocracker residues produced with and 
without addition of Fischer-Tropsch wax to the hydrocracker feed as hereinafter described. An increase of 10-25 VI 
is points, when Fischer-Tropsch wax has been added, shows the largely n-paraffinic Fischer-Tropsch wax conversion to 
hydrocarbons with a SHVI base oil quality. 

[0035] A computer program, based on the fractionation of lube distillates from a full scale vacuum distillation unit, was 
developed to compare the yield structure of different commercially available hydrocracker residues. Calculations using 
the computer program showed that the addition of a Fischer-Tropsch wax to the waxy distillate resulted in an average 

20 of 10% of the hydrocracked products remaining unreacted and in the vacuum residue - not cracked or isomerised to 
lower boiling hydrocarbons. However, this vacuum residue wax can successfully be recycled to the hydrocracker feed. 
This is a further advantage and desired feature required for SHVI base oils, as cracking of the wax to lighter products 
would result in a higher VI base oil. The Applicant has therefore further surprisingly found that a hydrocracker residue 
derived from a combined feedstock of Fischer-Tropsch wax and a waxy distillate contains lubricant type hydrocarbons 

25 boiling at higher temperatures and having higher viscosities than lubricant oils produced from a 'pure' waxy distillate 
based hydrocracker residue, as is evident also from Table 3. 

[0036] Ring structured hydrocarbons serve as solubiltsing agents for decomposition products which may be formed 
during the use of the finished lubricating oil. In blending a Fischer-Tropsch wax, which does not contain ring structured 
hydrocarbons with a petroleum-based waxy distillate, it was expected that the combination of Fischer-Tropsch wax and 
30 petroleum based waxy distillates would result in insufficient ring structured hydrocarbons in the resultant waxy product. 
However, it was surprisingly found that the dewaxed product contained sufficient ring-structured hydrocarbons to serve 
as solubilising agents for decomposition products which may form during the use of the f inished lubricating oil. 
[0037] The invention is further illustrated by the following non-limiting example. 

35 EXAMPLE 1 

[0038] A Fischer-Tropsch derived wax blended with a waxy distillate feedstock was hydrotreated in a hydrocracking 
process unit. The hydrocracking was done in a bench scale reactor, operating under the following conditions: 

40 Reaction temperature - 390°C - 395°C 

Hydrogen partial pressure - 1 40 bar(g) 

Hydrogen: liquid ratio - 1200:1 m n 3 

LHSV -0.75h' 1 

45 [0039] The hydrocracking reactor was a fixed bed reactor. Hydrogen and liquid flow was from the bottom upwards. 
Liquid feed and hydrogen entering the reactor were preheated by passing through a layer of glass beads placed 
beneath the catalyst bed. 

[0040] The reactor was electrically heated in three separately controlled zones with the preheat section in the bottom, 
and the catalyst section in the middle zone. Temperature measurement was done by means of five evenly spaced ther- 

so mocouples inside the catalyst bed and a sixth couple inside the preheating zone. 

[0041 ] The catalyst was presuiphided in situ using C 1 1 -C 13 paraffins spiked with dimethyl disulphide to yield a sulphur 
content of about 2,0%. During presulphidation the temperature was slowly increased up to 232°C at a hydrogen pres- 
sure of 1 40 bar. The temperature was kept constant at 232°C for a further two hours after which it was slowly increased 
to 315°C. The temperature was held at 315°C for two hours before the feed was introduced and the temperature 

55 increased to the operating temperature of about 390°C. 

[0042] The analysis of the hydrocracked hydrocarbons without the addition of a Fischer-Tropsch wax, ie petroleum- 
based waxy distillate on its own (Sample A) and with addition of a Fischer-Tropsch wax (Samples B and C) is summa- 
rised in Table 4. 
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TABLE 4 



Analytical data of hydrocracked hydrocarbons 




oampie a 


oampie d 


oampie \* 


Feedstock 








Waxy distillate (vol %) 


100 


90 


90 


Fischer-Tropsch wax (vol %) 


0 


10 


10 


Reactor temperature (°C) 


390 


390 


394,5 


MyarocracKea products 








Density Cgp /u U (Kg/m ; 


/yo, / 


7QQ Q 


f yo.o 


Kinematic viscosity @ 100°C (mm 2 /s) 


4,569 






Flashpoint (PM) (°C) 


222 


230 


226 


Pour point (°C) 


36 


45 


48 


Wax(%) 


17,4 


31,5 


27,1 


Simulated Distillation (ASTM 2887) 








Initial boiling point (°C) 


379 


376 


373 


2% (°C) 


386 


383 


382 


5% (°C) 


392 


390 


389 


10% (°C) 


398 


397 


396 


30% (°C) 


417 


422 


420 


50% (°C) 


435 


453 


44o 






en 7 
out 




90% (°C) 


499 


>635 


616 


95% (°C) 


517 




>635 


98% (°C) 


534 






Final boiling point (°C) 


558 






Noack volatility (GLC) (% wt) 


10,7 | 


8.2 


8,8 



40 

[0043] These results show clearly that the addition of 10% (by volume) of a Fischer-Tropsch wax to the lube waxy 
distillate, results in an increase of wax content in the corresponding hydrocracked bottoms. Also, the simulated distilla- 
tion of the hydrocracked hydrocarbons shows that the blended samples produce hydrocarbons boiling above 635°C 
which are not present in the hydrocarbons produced from the 'pure' waxy distillate. 

45 m [0044] Solvent dewaxing was carried out on the hydrocracked hydrocarbons as follows: 

[0045] After mixing the liquid waxy product with a solvent (MEK/T), the mixture was cooled down to a dewaxing tem- 
perature corresponding to a desired pour point of the resultant dewaxed product or lubricant base oil. The solid wax 
crystals which formed during cooling were separated from the main filtrate in rotary filters, and the wax cake on the fil- 
ters washed with fresh Di/Me solvent, ie wash solvent. Solvent, from both the solvent containing wax and the main fil- 

50 trate, was removed by a multistage distillation and stripping process to produce a solvent free slack wax from the wax 
and a dewaxed oil from the filtrate. The recovered solvent was recirculated within the dewaxing stage. 

Dewaxing conditions: 

55 [0046] 

Feed:solvent 1:7 kg/kg 

Feed.-wash solvent 1 :2 kg/kg 
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Dewaxing temperature -26°C 

[0047] The analytical data of the dewaxed hydrocracked products is shown in Table 5. 

TABLE 5 



Solvent dewaxed hydrocracked products 




Sample A 


Sample B 


Sample C 


Feedstock to hydrocracking 








Waxy distillate (%) 


100 


90 


90 


Fischer-Tropsch wax (%) 


0 


10 


10 


Hydrocracking reactor temperature (°C) 


390 


390 


394,5 


Dewaxed hydrocracked products 








Density @ 70°C (kg/m 3 ) 


796,5 


797,0 


797,8 


Kinematic viscosity @ 40°C (mm 2 /s) 


21,34 


24,76 


23.52 


Kinematic viscosity @ 100°C (mm 2 /s) 


4,608 


5,195 


4,988 


VI 


135,4 


146,3 


143,1 


Pour point (°C) 


■15 


-15 


-15 


Yield (%wt) 


82,6 


68,5 


72,9 



[0048] As indicated hereinbefore, to compare the yield structure of different commercially available hydrocarbon res- 
idues, a computer program, which takes into account the fractionation of lube distillates from a full scale vacuum distil- 
lation unit, was used. 

30 [0049] Table 6 shows, as determined by the computer programme, the change in lubricant distillate distribution by 
addition of Fischer-Tropsch wax to the hydrocracker feed (sample B and C) in comparison to the distillate distribution of 
a hydrocracker residue produced with 'pure' waxy distillate (sample A). 



TABLE 6 



Lubricant distillate distribution 




Sample A 


Sample B 


Sample C 


Dewaxed hydrocracked 
products 








Fraction 1 


0 


0 


0 


Fraction 2 


27,8 


27,2 


27,2 


Fraction 3 


29,0 


22,2 


22,1 


Fraction 4 


28,1 


20,9 


21.1 


Fraction 5 


15,1 


16,4 


16,6 


Vacuum residue 


0 


13,3 


12,9 



50 

[0050] SHVI base oils which can be produced by the present invention are summarised in Table 7. 

55 
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TABLE 7 





SHVI base oil properties 


5 




Sample A 


Sample B 


Sample C 




Basic orade HC4 










rjnernauc viscosity vg' *hj o ^mm /s/ 


17 1fi 


1 ft nd 


1ft A 


10 


r\inemaiic viscosity vs' iuu v ^rnrn /sj 


9. Q7 


o,o 


o,oo 




VI 


130,6 


1 30,5 


129,8 




Pour point ( C) 


-15 


- IO 


-10 


15 


Noack volatility (GC) (% wt) 


15,5 


15,5 


15,5 


vr _u /ft/ . . j \ 

Yield (% wt) 


<^ft. 

60 


50 


50 




Basic vjrade HUo 










rvinernaiic viscosity vs? *+u o (mm /s; 


Ol ,oO 


OC,OD 




20 


Kinematic viscosity @ 100°C (mm 2 /s) 


5,97 


6,3 


6,3 




VI 

V 1 


1QQ Q 

1 00,0 




146 6 




Pour point (°C) 


-15 


-15 


-15 


25 


Noack volatility (GC) (% wt) 


6,5 


6,5 


6.5 


Yield (%wt) 


40 


30 


28 




Vacuum gas oil ■ Yield (% wt) 






4 




Vacuum residue - Yield (% wt) 




20 


18 



30 

[0051 ] Two types of SHVI base oils are typically produced: 



* HC4 - Kinematic viscosity @ 1 00°C 4 mnf/s 

* HC6 - Kinematic viscosity @ 1 00°C 6 mm 2 /s 

35 

[0052] These base oils are produced by vacuum distillation of the corresponding hydrocracker residue. The HC6 oil 
produced with the Fischer-Tropsch wax addition is of a significantly higher VI (>145). In the above example there is no 
difference in the VI on HC4 base oils produced as the corresponding n-paraffins were not added to the waxy distillate 
blend. However, it was surprisingly found that SHVI base oils produced by this feed combination to the hydrocracker, 
40 have a higher VI (10 to 25 points) than hydrocracked base oils produced from waxy distillates only. 

Claims 

1 . A process for producing a waxy product, characterized in that it comprises hydrotreating a feedstock comprising a 
45 Fischer-Tropsch wax and a petroleum-based waxy distillate, to produce a range of hydrogenated products; and 

recovering a waxy product from the range of hydrogenated products. 

2. A process according to Claim 1 , characterized in that the volumetric proportion of Fischer-Tropsch wax to petro- 
leum-based waxy distillate in the feedstock is between 5:95 and 50:50. 

50 

3. A process according to Claim 2, characterized in that the volumetric proportion of Fischer-Tropsch wax to petro- 
leum based waxy distillate is between 5:95 and 20:80. 

4. A process according to any one of Claims 1 to 3 inclusive, characterized in that the hydrotreatment includes hydro- 
55 cracking the feedstock in a hydrocracking stage at a temperature of 350°C to 400°C; a pressure of 1 20-1 60 bar(g); 

a hydrogen partial pressure of 100-175 bar(g); a hydrogen to liquid ratio of 200-2000:1 m n 3 , and a liquid hourly 
space velocity ('LHSV) of 0,2-2 h" 1 . 
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5. A process according to any one of Claims 1 to 4 inclusive, characterized in that the recovery of the waxy product 
from the range of hydrogenerated products produced includes distilling, in a distillation stage, the range of hydro- 
genated products to obtain, as a bottoms fraction, the waxy product. 

5 6. A process for treating a waxy product, characterized in that it comprises dewaxing, in a dewaxing stage, the waxy 
product obtained from the process according to any one of Claims 1 to 5 inclusive, to obtain a dewaxed product 
suitable for use as a lubricant base oil. 

7. A process according to Claim 6. characterized in that the dewaxing of the waxy product comprises contacting the 
10 wary product with a dichloroethene/methylenechloride mixture ('Di/Me') as a solvent, with the mass proportion of 

dichloroethene to methylenechloride in the Di/Me solvent being between 40:60 and 60:40, and the mass proportion 
of waxy product to solvent being between 1 :2 and 1 :12. 

8. A process according to Claim 7, characterized in that the mass proportion of waxy product to solvent is between 
is 1:3 and 1:10. 

9. A process according to Claim 7 or Claim 8, characterized in that the dewaxing comprises mixing the waxy product 
in liquid form with the Di/Me solvent; cooling the mixture to a sub-ambient dewaxing temperature, with solid wax 
crystals forming, and with the dewaxing temperature depending on the pour point which is required for the dewaxed 

20 product or the lubricant base oil; separating, in a filter stage, the wax crystals from a main filtrate comprising 
dewaxed oil as the dewaxed product, and spent solvent so that the solid wax crystals remain as a wax cake on the 
filter; washing, in a washing step, the wax cake with fresh Di/Me mixture as a wash solvent, to obtain solvent free 
slack wax and spent solvent, and. optionally, recovering the spent solvent from the washing step and from the main 
filtrate, and recirculating the recovered solvent within the dewaxing stage. 

25 . 

1 0. A process according to Claim 9, characterized in that (i) in the washing step, sufficient wash solvent is used so that 
the mass proportion of waxy product initially used to wash solvent is between 1 :1 and 1 :2, and (ii) the dewaxing 
temperature is from -5°C to -32°C. 

30 11. A waxy product, characterized in that it is produced by the process according to any one of Claims 1 to 5 inclusive. 

1 2. A dewaxed product, characterized in that it is produced by the process according to any one of Claims 6 to 1 0 inclu- 
sive. 

35 1 3. A lubricant base oil characterized in that it comprises a dewaxed product according to Claim 1 2. 

14. A lubricant base oil characterized in that it comprises a dewaxed waxy product obtained from the hydrotreatment 
of a feedstock comprising a Fischer-Tropsch wax and a petroleum based waxy distillate. 

40 1 5. A lubricant base oil according to Claim 1 3 or Claim 1 4, characterized in that it has a VI of 1 45 or higher. 



45 



50 



55 



9 



EP0 921 184A1 




10 



EP 0 921 184 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2805 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



X 
Y 



US 5 059 299 A (CODY IAN A ET AL) 
22 October 1991 

* abstract * 

* column 3, line 57-64 * 

* column 8, line 57 - column 9, line 46 * 

* column 10, 1 ine 41-68 * 

* column 12, line 18 * 

* column 13, 1 ine 7 * 

* tables 7,8, 8A * 

US 5 378 351 A (GUICHARD PHILIPPE ET AL) 
3 January 1995 

* abstract * 

* column 1, line 17-44 * 

* column 2, line 16-50 * 

* column 6, line 65 - column 7, line 18 * 

* claims 1,8-11,14,15 * 

US 5 229 021 A (PILLON LILLANNA Z ET AL) 
20 July 1993 

* column 1, line 45 - column 2, line 18 * 

EP 0 574 191 A (MOBIL OIL CORP) 
15 December 1993 

* abstract * 
page 2, line 32-36 * 

5-49 



1-15 



C10M111/06 

C10G45/08 

//(C10M111/06, 

101:02, 

109:02), 

C10N20:02, 

70:00 



1-14 



1,11-14 

11-15 
1-10 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.6) 



C10M 
C10G 



page 4, line 
page 6, line 29-51 * 
page 6, line 59 * 
page 13, line 56 - page 14, line 4 * 
page 14, line 46-55 * 
tables 6,7 * 

-I- 



The present search report has been drawn up for all claims 



Place oi search 

MUNICH 



Date of completion m me search 

24 March 1999 



Examiner 

Perakls, N 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T theory or principle underlying the invention 
E earlier patent document, but published on, or 

after ine hung date 
D . document cited in the application 
L . document cited tor other reasons 



& : member of the same patent family, corresponding 
document 



11 



EP0 921 184 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2805 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages . 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



X 
Y 



X 
Y 



US 5 306 416 A (LE QUANG N ET AL) 
26 April 1994 

* column 2, lines 7-10,29-40,62-66 * 

* column 3, lines 13-43 * 

* column 6, lines 40-50 * 

* column 6, line 63-column 7, line 15 * 

* column 7, lines 42-51 * 

* tables 6,10,11 * 

EP 0 776 959 A (SHELL INT RESEARCH) 
4 June 1997 

* abstract * 

* column 2, line 33 - column 3, line 1 * 

* column 4, line 37 - column 5, line 5 * 

* column 6, line 8-16 * 

W0 97 21788 A (EXXON RESEARCH ENGINEERING 
CO) 19 June 1997 

* abstract * 

* page 4, line 3-5 * 

* page 13; table 13 * 

* claims 1-10 * 

EP 0 590 673 A (MITSUBISHI OIL CO) 
6 April 1994 

* abstract * 

* page 2, line 49 - page 3, line 7 * 

* page 3, line 23-44 * 

* page 4, line 14-27 * 

* page 8, line 11 * 



11-15 
1-10 



11-15 
1-10 



11-15 

I- 10 

II- 15 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



The present search report has been drawn up for all claims 



Place ot search 

MUNICH 



Data of completion of the search 

24 March 1999 



Examiner 

Perakls, N 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant rf taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



12 



EP0 921 184 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 12 2805 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

24-03-1999 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




memberts) 




date 


US 5059299 


A 


22-10-1991 


AU 


2694088 A 


22-06-1989 






CA 


1333057 A 


15-11-1994 






DE 


3880455 A 


27-05-1993 






EP 


0321307 A 


r\ •* A/* i AAA 

21-06-1989 






ES 


2054835 T 


16-08-1994 






JP 


1301788 A 


05-12-1989 






JP 


2607284 


B 


07-05-1997 






MX 


169698 B 


19-07-1993 


US 5378351 


A 


03-01-1995 


AT 


148491 


T 


15-02-1997 






AU 


671689 


B 


05-09-1996 






AU 


5338994 


A 


24-05-1994 






CA 


2147986 


A 


11-05-1994 






CN 


1086248 


A 


04-05-1994 






CZ 


9501116 


A 


18-10-1995 






DE 


69307915 


D 


13-03-1997 






DE 


69307915 


T 


26-06-1997 






DK 


666894 


T 


17-02-1997 






WO 


9410263 


A 


11-05-1994 






EP 


0666894 


A 


16-08-1995 






ES 


2098065 


T 


16-04-1997 






FI 


951991 


A 


26-04-1995 






HU 


71918 


A,B 


28-02-1996 






JP 


8503234 


T 


09-04-1996 






NO 


951591 


A 


27-06-1995 






NZ 


257139 


A 


26-04-1996 






ZA 


9307950 


A 


27-05-1994 


US 5229021 


A 


20-07-1993 


CA 


2125275 A 


24-06-1993 






EP 


0618958 A 


12-10-1994 






JP 


7504215 T 


11-05-1995 






1 1A 

WO 


9312212 A 


Oil AC 1AAO 

Z4-06-1993 


EP 0574191 


A 


15-12-1993 


US 


5275719 


A 


04-01-1994 






AU 


656267 


B 


27-01-1995 






CA 


2096993 A 


09-12-1993 






DE 


69311765 


D 


31-07-1997 






DE 


69311765 


T 


06-11-1997 






ES 


2103432 


T 


16-09-1997 






JP 


6065583 


A 


08-03-1994 






SG 


42945 


A 


17-10-1997 


US 5306416 


A 


26-04-1994 


NONE 








EP 0776959 


A 


04-06-1997 


AU 


7198896 


A 


05-06-1997 






. CA 


2191290 


A 


29-05-1997 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



13 



EP0 921 184 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 12 2805 



This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

24-03-1999 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



EP 0776959 A 



CN 
JP 



1167811 A 
9221685 A 



WO 9721788 



19-06-1997 



AU 
CA 
EP 
NO 



1053597 A 
2237068 A 
0876446 A 
982629 A 



EP 0590673 



06-04-1994 



JP 
All 
AU 
CA 
SG 
US 



6116572 A 
662247 B 
4876793 
2107376 
48976 
5460713 



2 

Si For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



17-12-1997 
26-08-1997 



03-07-1997 
19-06-1997 
11-11-1998 
08-06-1998 



26-04-1994 
24-08-1995 
14-04-1994 
03-04-1994 
18-05-1998 
24-10-1995 



14 



